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Objectives: Right Laparoscopic adrenalectomy (LA) is technically more challenging than left LA, because of
the anatomical position of the right adrenal gland and vein. We modiﬁed the technique for right LA to
optimize the procedure, and compared the operative outcome with standard technique.
Patients and methods: The operative outcome of 13 cases of right adrenal mass treated with modiﬁed LA
were compared retrospectively with 29 cases of standard right LA. For modiﬁed right LA, we used a
4-port transperitoneal laparoscopic approach that omitted the subxiphoid trocar (classically used for
liver retraction), and instead, an assistant applied continuous, dynamic upward liver retraction in a plane
perpendicular to the inferior vena cava (IVC).
Results: Modiﬁed Right LA was done in 13 patients (3 men, 23.1%), without difﬁculty and with excellent
direct exposure of the upper and medial aspect of the adrenal gland and adrenal vein. Mean operative
time was signiﬁcantly shorter compared with standard technique (122.3  20.1 vs. 165  33.6 min;
P < 0.0001) There were no bleeding complication and open conversion in modiﬁed technique which was
promising compared with 2 bleeding complications in our experience with 29 cases of right LA using
standard technique.
Conclusion: Modiﬁed right LA with a 4-port approach and dynamic upward liver retraction in a plane
perpendicular to IVC resulted in direct exposure of the upper and medial aspect of the adrenal gland and
adrenal vein. This approach can be effective in challenging cases when the infrahepatic fossa is poorly
exposed.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
During the past decade minimally invasive procedures have
replaced most open surgical approaches in order to lessen the
surgical trauma and shorten recovery time.1 Laparoscopic adre-
nalectomy (LA) as a minimally invasive approach for adrenal
masses was ﬁrst introduced by Gagner and colleagues2 in 1992, and
since then it has become the gold standard surgical treatment for
benign adrenal pathologies.3,4 The procedure is done via trans-
peritoneal or retroperitoneal approaches, and the choice of tech-
niques depends on the surgeon’s preference and experience as well
as the size of the adrenal tumor and the patient’s body habitus.5Zand Street, P.O. Box 71344,
233 1006.
inshariﬁ).
ciates Ltd. Published by Elsevier LtRight LA is technically more challenging than left LA because of
the speciﬁc anatomical position of the right adrenal gland. There
are often difﬁculties during laparoscopic dissection of the ante-
rosuperior and anteromedial aspects of the right adrenal gland and
right adrenal vein because these structures are in immediate con-
tact with and covered by the inferioreposterior surface of the liver.
Classically, these critical areas were exposed by gentle upward liver
retraction with a laparoscopic grasping device placed below the
liver through an extra port. However, a drawback of static liver
ﬁxation is that it may provide limited exposure for dissection of the
adrenal vein and superior aspect of the adrenal gland, especially in
obese patients or those with a large liver.
In an attempt to optimize the right LA procedure, we modiﬁed
this technique to use dynamic liver retraction to ensure adequate
exposure of the right adrenal gland in “difﬁcult” cases. We also
compared the outcomes of this modiﬁcation with our previous
practice using standard technique.6d. All rights reserved.
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The surgical records of a total of 20 patients with adrenal mass who underwent
21 LA procedures between August 2008 and February 2012 were reviewed retro-
spectively. A thorough history including the patient’s current symptoms, past
medical history and drug history was recorded for each patient, and positive ﬁnd-
ings on physical examination were also recorded. Laboratory tests including com-
plete blood count, serum electrolyte and creatinine levels, blood urea nitrogen, and
blood sugar were recorded. In patients suspicious for pheochromocytoma,
24-h urine samples were tested for metanephrine and vanillylmandelic acid. Serum
levels of corticosteroids, aldosterone and adrenocorticotropin were measured if
clinically indicated. Radiologic imaging, including computed tomography or mag-
netic resonance imaging of the abdomen and pelvis, was done preoperatively to
measure the size of the adrenal mass and check for possible local invasion of the
tumor. Preoperatively, for patients with pheochromocytoma, phenoxybenzamine
was started to control hypertensive crises and facilitate management of the patients
during the operation. Each patient was admitted to the hospital and underwent light
bowel preparation one day before the operation. Written informed consent was
obtained from all patients for open conversion.
3. Operative technique
With the patient under general anesthesia, a Foley catheter and
nasogastric tube were inserted and the patient was placed in the
ﬂank position, supported by adequate padding. For modiﬁed right
LA, the abdominal cavity was explored using a 4-port trans-
peritoneal laparoscopic approach comprising a 10-mm umbilical
camera port, two 5-mm ports at McBurrney’s point and lateral to
the rectus muscle at the level of the umbilicus, and one 10-mm
subcostal trocar as working ports. No port was used for liver
retraction. At this stage of the procedure the surgeon worked with
the ports located in the subcostal region and at McBurrney’s point.
After the white line of Toldt was incised and the colon and du-
odenum were mobilized medially, the retroperitoneum was
entered. At this stage of the operation, the surgeon and assistant
exchanged positions. The surgeon stood toward the patient’s feet
and worked with the lateral andMcBurrney’s point ports, while the
assistant moved toward the patient’s head to control the laparo-
scope to provide clear vision, and to provide dynamic liver retrac-
tion with a 5-mm grasping or suction device in the subcostal port
(Fig. 1A). Retraction was achieved as needed to expose the superior
aspect of the adrenal mass and the adrenal vein. The classic and
modiﬁed conﬁgurations of the laparoscopic ports for right LA and
for the surgeon’s and assistant’s positions are shown in Fig. 1.
While the assistant retracted the liver dynamically, the surgeon
carefully released the adrenal from the inferior vena cava (IVC). To
expose the right adrenal vein, dissection preceded upward parallel
to the IVC as the assistant gradually increased the extent of upward
retraction of the liver. Multiple adrenal arteries were controlled
with bipolar cautery while the adrenal vein was double-ligated
with Hem-o-lok clips (Weck Closure Systems, Research TriangleFig. 1. The modiﬁed (A) and classic (B) conﬁgurations of the laparoscopic portsPark, NC, USA). After complete dissection of the anterior, superior
and medial aspects of the adrenal, it was separated from the upper
pole of the kidney, and the posterior and lateral aspects of the
adrenal were easily released through avascular planes. Then the
specimen was extracted through a small incision by extending the
10-mm trocar site. After hemostasis was ensured, the trocar sites
and the site of specimen removal were closed.
4. Study outcome
The characteristics recorded for all patients were presenting
symptoms and hormonal proﬁle, and intraoperative data such as
operative time and intraoperative complications. The duration of
hospital stay, the occurrence of major postoperative complications
(higher than grade 1 according to Clavien’s classiﬁcation system as
revised by Dindo et al.7), and preoperative and 6-h postoperative
hematocrit and serum creatinine levels were also recorded. All
patients were followed by an endocrinologist postoperatively for
any biochemical recurrence in those with hormonally active tu-
mors. Improvement of hypertension was deﬁned as normalization
of blood pressure or a reduction in the dosage or numbers of
antihypertensive medications. Operative variables such as opera-
tive time, blood loss and possible intraoperative complications or
conversion to open surgery were recorded.
After the operation the patients were transferred to the urology
ward, where the variables recorded for each patient were time to
the start oral intake, analgesic usage, early postoperative compli-
cations, and mean hospital stay. Mean duration of follow-up was
10.5 months (range 2e32 months) and all patients were assessed
for probable postoperative complications. One month after the
operation, abdominal sonography was done for each patient to
detect any residual adrenal mass.
The operative outcome of modiﬁed right LAwas compared with
the results of our previously reported experience6 consisting of 29
cases of right adrenal mass that underwent LA with standard
technique between 1995 and 2005.
Statistical analysis of data was done with SPSS version 15 using
t-test.
5. Results
The records of 20 patients with an adrenal mass were reviewed in
this study, which underwent 21 LA from August 2008 to December
2011. The patients’ demographic data of those with modiﬁed right LA
(n ¼ 13) are shown in Table 1, and their diagnoses according to path-
ologic ﬁndings are shown in Table 2. Right side LAwas done without
difﬁculty and with excellent exposure and visualization of the rightfor right transperitoneal LA and for the surgeon’s and assistant’s positions.
Table 1
Demographic data of patients with modiﬁed right LA.
Characteristics Values
No of patients/procedures 13/13
Sex
Male 3 (23.1%)
Female 10 (76.9%)
Mean age, yr 37.9 (18e60)
Mean tumor size, cm
By CT scan 5.8 (3e11)
By pathologist 5.5 (2e10)
Body mass index, kg/m2 28.6 (24.8e37.7)
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dynamic liver retraction. Mean operative time was 122.3  20.1 min
(90e150). Mean tumor size was 5.8 cm and preoperative tumor sizes
measured by computed tomography correlated with tumor sizes
measured by our pathologist in 76.9% of the cases. Blood loss was
minimalduringall procedureswithoutanyneed forblood transfusion.
Oral intake was started for all the patients on the next day after
the operation and was well tolerated. Mean postoperative hospital
stay was 2.1 days (range 1e4days). One month after laparoscopy,
abdominal sonography disclosed no gross residual mass in any of
the patients. All patients were seen by an endocrinologist post-
operatively, who found no evidence of biochemical recurrence in
hormonally active tumors.
Comparingwith our previous experiencewith standard right LA,6
the operative time was signiﬁcantly reduced from 165 33.6 min to
122.3  20.1 min (P < 0.0001). Also we experienced 2 open con-
versions with standard method in that study due to bleeding
complications.
6. Discussion
In the current era of minimally invasive surgery, LA is becoming
the standard of care at many centers. Laparoscopic adrenalectomy
provides excellent exposure of the adrenal gland, which would
otherwise require extensive large transperitoneal incisions through
open techniques. Excellent laparoscopic magniﬁcation and visual-
ization of the suprarenal fossa make dissection safer.
Laparoscopic adrenalectomy can be performed via a retroperi-
toneal or transperitoneal approach, and the surgeon’s preference
and experience are the key factors that determine the best
approach. The transperitoneal approach requires less experience
with laparoscopy, provides a larger work space and offers more
anatomic landmarks.5,8,9
The adrenal glands reside in a poorly exposed fossa in close
contact with the great abdominal vessels, liver, spleen, kidneys and
renal pedicle. Although they receive an extensive arterial supply,
multiple small-caliber adrenal arteries can be easily controlled with
bipolar cautery.6 In contrast, themain challenge in LA is adrenal vein
exposure and closure. The adrenal vein is usually a single large-
diameter vein and its dissection and closure are of considerable
clinical signiﬁcance. This task is usuallymore difﬁcult during right LA
because on this side the adrenal vein is shorter, drains directly into
IVC and lies under the liver bed,making exposure difﬁcult10 (Fig. 2A).Table 2
Pathologic diagnoses.
Pathologic ﬁndings Values
Adrenocortical hyperplasia 1 (7.7%)
Benign adrenal cyst 3 (23.1%)
Hemorrhagic benign adrenal cyst 2 (15.4%)
Adrenocortical adenoma 3 (23.1%)
Pheochromocytoma 4 (30.7%)
Total 13 (100%)Meanwhile, the dissection between the inferior aspect of the liver
and the adrenal mass, especially in the case of large tumor getting
into liver may be cumbersome, necessitates sufﬁcient liver retrac-
tion. For adequate exposure of the upper surface of the right adrenal
gland and right adrenal vein, it is crucial to retract the liver bed
(caudate lobe) to 90 with the IVC.11 Classically, this is done by ﬁxing
a liver retractor via a subxiphoid trocar for cephalad liver retraction.
Also, extensive dissection of the hepatodiaphragmatic ligament is
required for complete visualization of the IVC up to the liver hilum.
Although these maneuvers are generally effective, they may be
inadequate especially when the upper pole of the adrenal gland
remains deep under the caudate lobe of liver, as occurs in patients
with a “large” liver or in obese patients (Fig. 2B). Hemorrhage due
to injury to the IVC, adrenal vein or accessory veins may occur in up
to 5%e10% of the patients as a result of inadequate exposure or
visualization of these structures.9,12,13 Moreover, obesity is among
the most important factors inﬂuencing the procedural outcome.8
In our experience with “dynamic” liver retraction during right
renal gland dissection in the course of right LA, we omitted the
subxiphoid trocar (classically used for liver retraction) and had the
surgeon and assistant exchange places after the retroperitoneum
was entered, so that the assistant could apply continuous, dynamic
upward liver retraction in a plane perpendicular to the IVC (Fig. 2C,
D). This resulted in direct exposure of the upper and medial aspect
of the adrenal gland and adrenal vein. The surgeon’s working device
passed through the lower trocars and worked parallel to the IVC.
We feel that close interaction between the surgeon and assistant
can be effective in challenging cases when the infrahepatic fossa is
poorly exposed. The assistant should have enough experience not
to poke the liver during the operation. Because we have used this
modiﬁed approach in only 13 cases of right LA so far, our sample
size is admittedly too small to draw deﬁnite conclusions. Although
this technique appears promising for right LA, regarding the
operative time and bleeding complications in comparison with our
previous experience with standard technique,6 the effect of
learning curve should be taken into account. The retrospective
nature of the present study and the effect of learning curve may be
considered as the limitations of this comparison. Prospective trials
may provide more reliable evidence regarding the impact of this
modiﬁcation on operative outcomes. An important consideration is
that although we successfully performed modiﬁed right LA in 7
cases with tumor size 5e11 cm using this modiﬁcation, our series
did not include signiﬁcant number of patients with a “challenging”
adrenal mass (i.e., a very large tumor (>10 cm) or adrenocortical
carcinoma14), so we are as yet unable to evaluate the efﬁcacy of this
technical modiﬁcation in these more complex situations.
Despite these limitations, this modiﬁcation may be valuable in
certain circumstances to achieve safe exposure, dissection and
ligation of the right adrenal vein, the most challenging step of right
laparoscopic adrenalectomy.
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Fig. 2. Normal anatomical relation of right adrenal gland (A). The suprarenal fossa is exposed in classic fashion by static liver retraction (B) which may be inadequate in patients
with a large liver or in obese individuals. Schematic (C) and intraoperative (D) view of modiﬁed liver retraction method which provided sufﬁcient exposure to the right adrenal vein.
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